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ABSTRACT 

Preliminary experiments indicate t h a t  simple screens are a promising 
so lu t ion  t o  the  problem of e l e c t r i c a l  i s o l a t i o n  of high-voltage e l e c t r i c  
t h r u s t o r s  from t h e i r  propellant tank. 
tube with a conical-shaped screen across t h e  tube has been operated with 
mercury-propellant electron-bombardment t h r u s t o r s  with voltages up t o  
6000 v o l t s .  
heat from the  thrus tor  system w i l l  suff ice  t o  maintain tube temperatures 
above t h e  condensation point.  

A nonconducting propellant-feed 

Leakage currents  a r e  negligible,  and it appears t h a t  waste 
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SUMMARY 

Preliminary experiments ir,dicate that  s inple  screens are a promising 
, so lu t ion  t o  the  problem of e l e c t r i c a l  i s o l a t i o n  of high-voltage e l e c t r i c  

t h r u s t o r s  from t h e i r  propellant, tank. A nonconducting propellant-feed 
tube with a conical-shaped screen across the  tube has been operated with 
mercury-propellant electron-bombardment t b u s t o r s  with voltages up t o  
6000 v o l t s .  Leakage c-rents a re  negligible,  and it appears t h a t  waste 
heat from the t h r u s t o r  system w i l l  suffTc? t o  maintain tube temperatures 
above t h e  condensation point.  

INTRODUCTION 

A nethod of separating the  high voltage of ion t h r u s t o r s  from t h e  
propellant storage tank i s  desirable  f o r  a var ie ty  of reasons. A device 
of t h i s  type would ease the  e l e c t r i c a l  insu la t ion  and cont ro l  problems of 
t h e  feed system f o r  a s ingle  module and would simplify overload protect ion 
c i r c u i t r y  when applied t o  an array of th rus tors .  

A simple passive device f o r  accomplishing high-voltage i s o l a t i o n  of 
the  t h r u s t o r  from the  propellant systern is  described herein.  The r e s u l t s  
of i t s  use with electron-bombardmefit ion t h r u s t o r s  a r e  presented. To 
date, t h e  invest igat ion has beer- confined t o  single-module operation. 
These r e s u l t s ,  however, a r e  considered t o  be of s u f f i c i e n t  immediate in-  
terest t o  e l e c t r i c  propulsion technology t o  j u s t i f y  an e a r l y  dissemination 
of t h i s  preliminary data.  

Ion t h r u s t o r s  employing 5- and 20-centimeter-diameter e lectron-  
bombardqent ion sources were used i n  t h i s  study. A descr ip t ion  of the  
electron-bombardment thrus tor  and the associated e l e c t r i c a l  c i r c u i t r y  i s  
given i n  references 1 and 2. 

A PPAMTUS 

Figure 1 shows the vacuum f a c i l i t y  i n s t a l l a t i o n  of a 5-centimeter- 
diameter t h r u s t o r  with t h e  high-voltage i s o l a t i o n  tube between t h e  thrus-  
t o r  and the propellant-vapor source. A schematic drawing of the  apparatus 
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used i n  these t e s t s  i s  shown i n  f igure  2. The propellant-feed system con- 
s is ts  of a steam-Jacketed vaporizer with interchangeable o r i f i c e s .  The 
feed system is  i so la ted  from the  t h r u s t o r  by a 5.1-centimeter-diameter by 
30.5-centimeter-long g lass  tube,  shown schematically i n  f igure  2. In  t h e  
present experiment, the g lass  tube was heated t o  about 100' C by a heating 
c o i l  i n  order t o  prevent mercury condensation. For a f l i g h t  version, 
waste heat from the thrus tor  could probably be used f o r  t h i s  purpose. 

A fine-mesh conical-shapsd screen (plasma containment g r i d )  i s  located 
within the  glass  insulator  and serves t o  prevent the  plasma from e l e c t r i c a l l y  
coupling the thrus tor  t o  the  feed system. A minimum dis tance L i s  main- 
ta ined between the  feed system and the  plasma containment gr id  depending on 
thrus tor  operating p o t e n t i a l  and flow rates, 
ment gr id  was used t o  provide a large surface area,  and hence a la rge  t o t a l  
open flow a?ea, f o r  a screen of a given blockage. The plasma i s  r e s t r a i n e d  
pr incipal ly  by t h e  s m a l l  dimensions of the  openings i n  the  scyeen t h a t  a r e  
l e s s  th%n the sheath thickness formed a% t h e  plasma boundaries, 'Iwo screens 
of d i f fe ren t  mesh s ize  a re  shown i n  f igure  3. 

A conical  shape of the  contain- 

Thrustor s t a r t u p  and operating procedure was no d t f f e r e n t  from t h e  
conventional procedure described i n  reference 1, with t h e  exception of a 
tube preheating period .to avoid condensation of the  propel lant .  When t h e  
e n t i r e  system reached s tab le  operating temperatures, several check points  
were taken t o  v e r i f y  t h a t  t h e  t h r u s t o r  w a s  operating normally. 

The power supplies required t o  operate the  thrust,or and the var iab les  
t h a t  wme xetered a re  shom i n  f igure  4. Leakage cui-rent f ron  the  vaporizer 
t o  ground JL w a s  a l s o  metzred, The containment gr id  p o t e n t i a l  w a s  mea- 
sured with respect t o  the  anode o r  net accelerat ing poten3ial  by means of 
a cal ibrated high-impedance meter i so la ted  akove Gourd.  "krw of t h e  
t h r u s t o r  power supplies nay be considered i n t e r n a l  i n  that. t k y  supply power 
a t  voltages t h a t  a r e  r e l a t i v e  t o  the anode of the  t h r ~ ~ t o r ,  
supplies for energizing the magnetic-field windizg, heating %he cathode, 
and establ ishing the discharge voltage.  The two high-voltage suppl ies  pro- 
vide the poten5ial difference between +,he electrodes t h a t  focus and accel-  
e r a t e  t h e  exhaust bean. 

These are the  

%;e i o n  t h u s t o r s  were mount3d i n  a 36-inch-diameter b e l l  jar t h a t  was 
exhausted through a 36-inch valve i n t o  a 5-foot-diameter by 16-fOO%-lOng 
vacuun tapk ( f i g .  5 ) .  

The voltage at whlch e l e c t r i c a l  breakdom occurred t'nrough t h e  tube,  
t h a t  i s ,  the c r i t i c a l  voltage,  was  determined by increasir,g the  net accel-  
e ra t ing ,  or anode, voltage i n  s teps  of 500 or 1000 voLtso The decelerat ing 
voltage w&s held at -1500 v o l t s ,  which w a s  found adequate t o  prevent e lec-  
t r o n  backstreaxing a t  a l l  anode volt.ages applied.  Each voltage l e v e l  w a s  
maintained lozg enough to record a l l  t h e  meter readings and %o assure 
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e s s e n t i a l l y  equilibrium operation without a tube discharge.  Lower break- 
down voltages might have been obtained with operation f o r  periods of hours 
a t  each voltage leve l ,  but the  difference would be expected t o  be s m a l l .  

Various pressure leve ls  of the  mercury vapor within t h e  tube w e r e  
An a l t e r n a t e  es tabl ished by varying the  n e u t r a l  propellant flow r a t e .  

method used i n  r a i s i n g  the  tube pressure i s  shown i n  t h e  accompanying 
sketch. A secondary o r i f i c e  w a s  i n s t a l l e d  i n  the  propel lant  flow passage 

re imary ,’ flow-mtering 

Vaporizer t h r u s t o r  

I 
I so la t ion  tube =J /I 

LSecondary o r i f i c e  

between t h e  gr id  and the  thrus tor .  Different s i z e s  of t h e  primary flow- 
metering o r i f i c e  i n  t h e  vaporizer were used i n  conjunction with t h e  
secondary o r i f i c e .  
out imposing an excessive propellant flow rate upon t h e  thrus-bor. 

A wide range of tube pressure w a s  thus  obtained with- 

General OpFrating C h a x z t e r i s t i c s  

The device repor%d herein resenbles a class of low-pressure glow 

The prssence of the plasma contairment gr id ,  however, 
discharge tubes t h a t  have been extemively reported i n  t h e  l i t e r a t u r e  
(e .g . ,  r e f .  3 ) .  
a f f e c t s  the  operational behavior of the tube riarkedly. A tube as long as 
90 centimeters vas i n s t a l l e d  without; :he containment g r i d  and net acceler-  
a t i n g  voltage w a s  applied both with and without t h e  ion iza t ion  chamber i n  
operation. A voltage of 2500 v o l t s  could be maintained i n d e f i n i t e l y  with 
no v i s i b l e  discharge when t h e  ior,ization chamber was not operating. With 
t h e  ion iza t ion  char-ber i n  operation, however, t h e  same acce lera t ing  voltage 
could be held f o r  only a short  tirre i n t e r v a l  b3fore onset of a mercwy- 
vapor discharge exkr,ding the e n t i r e  length of the  tube. I n  some instances,  
the  tube discharge would OZ‘SUT” with only t h e  ionizat ion chamber operating 
a t  t h e  normal value of 50 ~-01%~ and di th  no acce lera t ing  voltage applied.  

With t h e  g i d  i n s t a l l e d ,  normal t h r u s t o r  operation could b;! maintained 
indef i n i t e l y  a t  any fiet acwlera5irig voltage lower %han t h e  c r i t i c a l  voltage. 
A v i s i b l e  blue glow of ur,iform inter-sity r,ormally extends from C,he ionizat ion 
chamber up t o  the  containment, g r id  but not beyond it. With the g r i d  at  
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f l o a t i n g  poten t ia l ,  t he  leakage current  t o  t h e  grounded vaporizer i s  of 
t he  order of a few microamperes. A t  increasingly higher acce lera t ing  
vol tages ,  the g r id  po ten t i a l  becomes e r r a t i c .  Oscillograms indica te  t h e  
presence of voltage spikes with a s teep  f r o n t  and a noticeable decay time 
of the  order of 2 mill iseconds.  The leakage current  t o  ground i s  not 
g r e a t l y  increased u n t i l  t he  onset of tube discharge,  a t  which time t h e  cur- 
r en t  rises suddenly t o  t h e  value l imi ted  by t h e  surge r e s i s t o r  i n  t h e  high- 
voltage c i r cu i t .  The discharge can be extinguished only by removing both 
t h e  net  accelerat ing voltage and the  dece lera t ing  voltage normally held at  
1500 v o l t s  negative with respect  t o  ground. 

The use of surge r e s i s t o r s  g r e a t l y  reduces the  number of high-voltage 
breakdowns commonly encountered with t h e  conventional t h rus to r  configura- 
t i o n  i n  which the  vaporizer i s  i n t e g r a l  with t h e  th rus to r  body. A s  de- 
scr ibed i n  reference 4, these breakdowns may be in te re lec t rode  a r c s  or 
low-voltage a r c s  within t h e  ion iza t ion  chamber. They are s ign i f i can t  be- 
cause t h e i r  occurrence general ly  t r i g g e r s  a discharge i n  t h e  i s o l a t i o n  
tube.  Possibly t h e  highly energet ic  e lec t rons  or ions re leased  from an  
a r c  within the  th rus to r  escape the  containment g r i d  causing ion iza t ion  t o  
occur w i t h i n  t h e  tube.  Ions thus formed a re  i n  an acce lera t ing  p o t e n t i a l  
gradient such t h a t  pos i t ive  ion bombardment of t h e  grounded vaporizer 
causes suf f ic ien t  secondary e lec t ron  emission t o  e s t a b l i s h  a discharge.  
I n  some instances,  however, an in te re lec t rode  a r c  may be of s u f f i c i e n t  
durat ion and i n t e n s i t y  t o  t r i p  t h e  high-voltage power-supply breaker but 
have no apparent e f f e c t  on the  i s o l a t i o n  tube.  

A de ta i led  s tudy of t he  t r ans i en t  behavior and the  contr ibut ing 
mechanisms underlying the  operat ional  c h a r a c t e r i s t i c s  of t he  present i so -  
l a t i o n  device i s  beyond t h e  scope of t h i s  r epor t .  Preliminary r e s u l t s  
covering the s teady-state  operat ional  regime and the  e f f e c t s  of what are 
considered t o  be per t inent  var iab les  are presented i n  t h e  subsequent sec- 
t ions.  

Propellant Flow Charac ter i s t ics  

The pressure of t he  mercury vapor i n  t h e  tube was considered a prime 
var iab le .  
pressure measurements i n  t h e  micron range by conventional means extremely 
d i f f i c u l t .  A condensing temperature technique was t r i e d ,  but  t h e  thermal 
l a g  and d i f f i c u l t y  of observing t h e  onset of condensation rendered t h e  
method useless except as a rough est imate .  The normal environmental pres- 
sure i n  which the  th rus to r s  operate i s  of t h e  order of loe5 t o r r ,  which i s  
negl ig ib le  compared with the  pressure drop across  the  tube.  
pressure drop (assuming it exhausts i n t o  a pe r fec t  vacuum), which i s  i n  
t he  micron range, would thus be a good estimate of t h e  mean absolute  pres-  
sure i n  the tube.  

The necess i ty  of maintaining e leva ted  tube temperatures made 

The tube 

The pressure drop across  t h e  i s o l a t i o n  device ( tube and g r i d )  calcu- 
l a t e d  by the method of reference 5 i s  shown i n  f igu re  6.  The ca lcu la t ion  
was  made for tube diameters of 2.5 and 5.1 centimeters and included t h e  
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pressure drop across the  fine-mesh grids having surface a reas  of 44 and 
84 square centimeters, rzspect ively.  The 5 . 1 - c e n t h e t e r - d i a t e r  tube w a s  
used throughout the invest igat ion because of i t s  low pressure drop charac- 
t e r i s t i c s .  
contributed a maximu pressure drop of about 2 microns a t  t h e  m a x i m u m  pro- 
pe l lan t  flow r a t e  of 1 . 2 5  amperes. 
ves t iga t ion  although a coarse-mesh gria of s t i l l  lower pressure drop w a s  
a l s o  invest igated.  

The fine-mesh gr id  with 84 square cen5imeters of s w f a c e  a rea  

This g r i d  w a s  used i n  most of t h e  in-  

Low Propellant C r r e n t  Density 

Fine mesh gr id .  - Tne design-poirt nc=-Ltral in-flow curlpent densi ty  i n  
a 5 - c e r x t i ~ e t e r - d i a e t e r  ?hrds%or i s  of t h e  or3.e- of 40 mqerzs per square 
meter (based OR anodi diameter) and is oktaicable Kith a 0,127-cefitimeter- 
d iane ter  o r i f i c s .  
0.078 a?lpere, the  ealculatefi tube pressw? i s  about 2 microns. 
formance of the  isolat iol?  tube at various t h r u s t o r  f iiamenb-evission cur-  
reEts i s  shorn as a fucct ion of net accelerat ing voltage i n  f i g w e  7. The 
p o t e n t i a l  of t h e  g i d ,  which was i n  floatilzg mode, w a s  reia:ively iridepen- 
dent of both f ilament-em5ssion cwr;lrlt and net acce lera t ing  voltage and 
remained a t  a value close t o  t h e  ionization-chamber potez5ia l  difference 
of 50 ~015s  ( f i g .  7(b)). 
occllrred (shown as a m l f d  ~p?xl),  vas likewise r e l a t i v e l y  iz.,deper,dcrt of 
emission c w r ? n t  I These r e s u l t s  were somewhat s w p r i s i E g  since ac increased 
emission c m r e n t  result;; i n  an increased plasna dens i ty  t h a t  can be v i s u a l l y  
observed by t h e  r e l a t i v e  i n t e x i t y  of t h e  blue glow ( e x c i t a t i o n )  f i l l i n g  the 
containment gr id .  
would render t h e  i s o l a t i o n  tube nore susceptible t o  a discharge, but the  
da ta  i n  f igure  7 show t h i s  i s  not she case. 

A t  an eqiiivalent neutral  propellant f i o J  r a t e  of 
The per- 

The c r t t i c a l  voltage, a t  which a tube discharge 

It was expected t h a t  a high plasna dens i ty  a t  the  g r i d  

The leakage t o  ground ( f i g .  7 ( a ) )  followed expected t rends.  The 
leakage c u r r e n t s  icdicatzd by s o l i d  syclbols were obtained s h o r t l y  before 
onset of t h e  tube discharge, which was of the order of 1 o r  2 mpsres. The 
values are thus  orders of magnitudes lower than t h e  c w x n t s  a f t e r  ais- 
charge. 

Resul ts  of i s o l a t i o n  g r i d  operation a t  -50 v o l t s  Flae r e l a t i v e  t o  t h e  
net accelerat ing,  or anode, voltage are shown i n  f igure  8. The c r i t i c a l  
vol tages  and the  leakage current,s ( f ig .  8 ( a ) )  were similar t o  those of t h e  
f l o a t i n g  s i c i  operation. 

The g i d  -+?as a l s o  operated ir, a pos i t ive ly  biasail nods acd the  r e s u l t s  
are shown ir, f igure  9.  With t k e  g z i d  bLass3 8% 5 vol+s,  posi t iv? r e l a t i v e  
t o  t h e  anode, t h e  leakage xm-efit E n c w a s s d  ( f i g .  9 ( a > >  and the bean cur- 
r e n t  w a s  reduced. The tube under t h i s  pos i t ive  b i a s  condt-tion contrzined a 
pale  glow discharge t h a t  ex+,ended a short distance upsC,ream from the  con- 
tainment gr id  toward t h e  grounded vaporizer. Reducing t h e  pos i t ive  b i a s  
caused t h i s  glow -to grow dimm<?r urit i l  a t  a negative b i a s  voltage (with 
respect  t o  t h e  anode), Lhe e n t i r e  region betweer_ the vaso;l.iz?r and t h e  gr id  
w a s  again void of any v i s i b l e  discharge. 'The existence of a r e l a t i v e l y  
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high leakage current  i n  pos i t ive  bias operation, however, did not ad- 
verse ly  a f fec t  t he  c r i t i c a l  voltage before onset of a tube discharge. 
Higher posit ive g r id  b i a s  voltages caused a runaway condition i n  t h e  
leakage current t h a t  u l t imate ly  l e d  t o  a breakdown discharge i n  t h e  tube.  

Coarse mesh gr id .  - A containment grid with a mean open dimension 
3.5 times larger than the  f i rs t  g r i d  (both gr ids  shown i n  f i g .  3) was 
operated i n  f l o a t i n g  mode, and t h e  r e s u l t s  are shown i n  figure 10. Grid 
voltage (f ig .  10 (b ) )  and leakage cur ren t , ( f ig .  l Q ( a ) ) ( w e s e  s i m i l a r , t o  those 
obtained with t h e  fine-mesh grid a t  comparable conditions.  The c r i t i c a l  
net  accelerat ing voltages were about 500 v o l t s  lower than  those obtained 
with t h e  f ine mesh but were again subs t an t i a l ly  independent of t h e  fi lament- 
emiss ion-current leve 1. 

High Propellant Current Density 

I n  order , t o  raise t h e  tube pressure and t o  subs t an t i a t e  f u r t h e r  t h e  
flow-handling capab i l i t y  of t he  i s o l a t i o n  system, a 20-centimeter-diameter 
t h rus to r  was operated a t  equivalent neu t r a l  propel lant  flow rates of 0.97 
and 1.25 amperes. 
en te r ing  the th rus to r  i s  about 30 amperes per square meter (based on anode 
diameter).  
tube was  240 amperes per square meter, r e s u l t i n g  i n  a ca lcu la ted  tube pres-  
sure  of about 10 microns ( f i g .  6 ) .  This pressure i s  considered approxi- 
mately correct as a t t e s t e d  by t h e  gradual accumulation of condensed mercury 
within the  tube during sustained operation at tube temperatures of about 
40' t o  50' C.  

A t  these flow rates, the  average neu t r a l  current  dens i ty  

The neu t r a l  current  dens i ty  i n  t h e  5.08-centimeter-diameter 

The r e s u l t s  of t he  runs a t  high propel lant  flow r a t e s  a r e  shown i n  
f igu res  11 and 1 2 .  
sured during these  runs. 
3 t o  10 microamperes, and t h e  g r id  p o t e n t i a l  was thus expected t o  be 
around 30 o r  40 v o l t s  negative with respect  t o  t h e  anode. 

Unfortunately, f loa t ing-gr id  po ten t i a l s  were not mea- 
Leakage cur ren ts  were again i n  t h e  range of 

The beam current  obtained a t  various values of filament-emission 
current  and net  acce lera t ing  voltage i s  shown i n  f igu re  11 f o r  a neu t r a l  
propel lant  flow of 0.970 ampere. A t  a net  acce lera t ing  voltage of 4500 v o l t s ,  
p rope l l an t -u t i l i za t ion  e f f i c i ency  of 70 percent was a t t a i n e d  at  an  energy 
d iss ipa t ion  of 500 e lec t ron  v o l t s  per ion.  
l eve l s  of f i lament-enission current  was  around 6000 t o  6500 v o l t s ,  not 
g r e a t l y  d i f fe ren t  from t h e  r e s u l t s  obtained with t h e  5-centimeter-diameter 
t h rus to r .  

The c r i t i c a l  voltage at two 

The data f o r  leakage cur ren ts  shown i n  f i g u r e s  11 and 1 2  ind ica te  t h a t  
t h e  increased plasma dens i ty  caused by increased cathode emission current  
may be responsible f o r  increases  i n  leakage cur ren t .  The r e s u l t s  of opera- 
t i o n  at  1 . 2 5  amperes neu t r a l  propel lant  flow are shown i n  f igu re  1 2 .  The 
th rus to r  encountered considerable opera t iona l  d i f f i c u l t y  at  t h i s  flow rate. 
Accelerator impingerrent current  w a s  excessively high at lower net acce ler -  
a t i n g  voltages, and frequent in te re lec t rode  breakdowns were encountered at  
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higher voltages and emission currents. 
tube discharge during reasonably s table  t h r u s t o r  operation were again i n  
the  neighborhood of 5500 t o  6000 vo i t s .  

The c r i t i c a l  voltages f o r  onset of 

Operation at  Elevated Tube Pressure 

A s  an indicat ion of possible derating of t h e  i s o l a t i o n  device at  high 
tube pressures,  some r e s u l t s  taken with a 5-centimeter-diameter t h r u s t o r  
are shown i n  f igure  13. These r e s u l t s  are not conclusive because of t h e  
double-orifice technique used t o  obtain the  elevated tube pressures.  I n  
addition, the  beam-current neutral-propellant-flow c h a r a c t e r i s t i c s  of t h e  
thrus tor  obtained i n  a previous invest igat ion were used as an indicat ion 
of a c t u a l  neut ra l  propellant flow rate .  If it i s  assumed t h a t  t h e  propel- 
l a n t  flow rate is  known, a secondary o r i f i c e  of a proper s i z e  placed be- 
tween t h e  grid and t h e  t h r u s t o r  allows t h e  t h r u s t o r  t o  operate a t  normal 
neut ra l  current  density,  while a range of calculable  tube pressures can be 
obtained by using a primary o r i f i c e  of  various s izes .  Under these  condi- 
t i o n s ,  however, the  glow of t h e  ionization chamber w a s  v i s i b l e  on t h e  gr id  
only as a spot formed by the  beam passing through t h e  secondary o r i f i c e .  

A s  might be expected, the  c r i t i c a l  voltage decreased with increasing 
Some indicat ions also e x i s t  t h a t  t h e  coarse-mesh g r i d  may tube pressure.  

derate  more rap id ly  a t  high pressures. 

Also shown i n  f igure  13 i s  t h e  Paschen curve of sparking p o t e n t i a l  f o r  
a i r  and other gases of s i m i l a r  molecular weights ( r e f .  3).  The conventional 
parameter 
t h e  bases of a 5.1-centimeter tube diameter and of a dis tance of 25.4 cent i -  
meters between t h e  t i p  of the g r i d  and t h e  grounded vaporizer.  
mercury vapor was not one of t h e  gases included i n  the  curve of reference 3, 
the  difference between t h e  grid-contained c r i t i c a l  voltages and t h e  sparking 
p o t e n t i a l  of plane p a r a l l e l  electrodes i n  nonionized gases is  considerable. 

Pd (pressure times distance) was reduced t o  pressure alone on 

Although 

CONCLUDING FXMAFXS 

Preliminary r e s u l t s  indicate  tha t  a simple passive i s o l a t i o n  device 
can maintain poten t ia l s  as high as 5 t o  6 k i l o v o l t s  between an  operating 
t h r u s t o r  and a grounded propellant-vapor source. Although t h e  mechanism 
t h a t  t r i g g e r s  the  tube discharge i s  not c l e a r l y  understood, t h e r e  are indi-  
cat ions t h a t  the  c r i t i c a l  voltage may be determined by arc ing  discharges 
t h a t  occur within the  thrus tor .  

The preliminary information reported herein shows t h a t  a plasma 
containmer?t 0- ~-~iii -- ir! the  progellafit-feed +,lube i s  a prozisir!g solutLor, t o  
t h e  thrustor-propel lant  tankage-isolation problem. Further invest igat ions 
should be conducted t o  evaluate t h i s  concept f u l l y .  
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Figure 2. - Schematic drawing of propellant-feed i s o l a t i o n  device. 
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Figure 5 .  - Vacuum f ac i l i t y .  
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Figure 6. - Calculated pressure drop across isolation tubes and grids as function 
of propellant f l o w  rate. 
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S o l i d  symbols de-  
n o t e  c r i t i c a l  
anode v o l t a g e  

(a )  Leakage cur ren t  t o  ground. 

' .  
( c )  Beam c u r r e n t .  

F i g u r e  7 .  - Performance c h a r a c t e r i s t i c s  of  i s o l a t i o n  d e v i c e  
w i t h  fine-mesh grid a t  f l o a t i n g  p o t e n t i a l .  P r o p e l l a n t  
f low r a t e  e q u i v a l e n t ,  0.078 ampere; t h r u s t o r  d iameter ,  
5 c e n t i m e t e r s .  



( a )  Leakage c u r r e n t  to ground. 

Net a c c e l e r a t i n g  vol tage ,  VI, v 

( b )  Beam c u r r e n t .  

Figure 8 .  - Performance c h a r a c t e r i s t i c s  of i s o l a t i o n  device  
w i t h  fine-mesh g r i d  b i a s e d  a t  -50 v o l t s .  P r o p e l l a n t  flow 
r a t e  e q u i v a l e n t ,  0.078 ampere; t h r u s t o r  diameter ,  5 c e n t i -  
meters. 
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(b) Beam current. 

Figure 9. - Performance characteristics of isolation device with fine- 
Propellant flow rate equivalent, 0.078 mesh grid biased at 5 volts. 

ampere; thrustor diameter, 5 centimeters. 



( a )  Leakage c u r r e n t  t o  ground.  
50 

30 

( b )  G r i d  v o l t a g e  r e l a t i v e  t o  anode. 
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N e t  a c c e l e r a t i n g  v o l t a g e ,  VI, v 

( e )  Beam c u r r e n t .  

F igu re  10. - Performance c h a r a c t e r i s t i c s  o f  i s o l a t i o n  d e v i c e  w i t h  
coarse-mesh g r i d  a t  f l o a t i n g  p o t e n t i a l .  P r o p e l l a n t  f low r a t e  
e q u i v a l e n t ,  0.078 ampere; t h r u s t o r  d i a m e t e r ,  5 c e n t i m e t e r s .  
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( b )  Beam curren t .  

Figure 11. - Performance c h a r a c t e r i s t i c s  o f  i s o l a -  
t i o n  device with fine-mesh g r i d  a t  f l o a t i n g  po- 
t e n t i a l .  Propellant flow r a t e  equivalent,  0 .97  
ampere; t h r u s t o r  diameter, 20 centimeters. 
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Figure 12. - Performance characteristics of isola- 
tion device with fine-mesh grid at floating po- 
tential. Prcpellant flow rate equivalent, 1.25 
amperes; thrustor diameter, 20 centimeters. 
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Figure 13. - Critical voltage as f'unction of gas pressure. Isolation- 
tube diameter, 5.1 centimeters; effective length, 25.4 centimeters. 


